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SEMICONDUCTOR DEVICES WITH
VERTICAL EXTENSIONS FOR LATERAL
SCALING

BACKGROUND

The present disclosure relates generally to semiconductor
devices. More particularly, the present disclosure relates to
scaling of semiconductor devices.

Semiconductor devices are the basic building block of
today’s integrated circuits (ICs). Such semiconductor devices
can be formed 1n conventional bulk semiconductor substrates
(such as silicon) or 1n an SOI layer of a semiconductor-on-
insulator (SOI) substrate. In order to be able to make ICs, such
as memory, logic, and other devices, of higher integration
density than currently feasible, one has to find ways to further
downscale the dimensions of field effect transistors (FET's),
such as metal-oxide-semiconductor field effect transistors
(MOSFETs) and complementary metal oxide semiconduc-
tors (CMOS). Scaling achieves compactness and 1mproves
operating performance 1n semiconductor devices by shrink-
ing the overall dimensions and operating voltages of the
device, while maintaining the device’s electrical properties.

SUMMARY

A method of forming a semiconductor device 1s provided,
in which extension regions are formed atop the substrate 1n a
vertical orientation. In one embodiment, the method includes
providing a semiconductor substrate doped with a first con-
ductivity dopant. Raised extension regions are formed on {irst
portions of the semiconductor substrate that are separated by
a second portion of the semiconductor substrate. The raised
extension regions have a first concentration of a second con-
ductivity dopant. Raised source regions and raised drain
regions are formed on the raised extension regions. The raised
source regions and the raised drain regions each have a second
concentration of the second conductivity dopant, wherein the
second concentration 1s greater than the first concentration. A
gate structure 1s formed on the second portion of the semi-
conductor substrate. The gate structure may include a gate
dielectric layer and a gate conductor, wherein the gate dielec-
tric layer 1s positioned between the semiconductor substrate
and a base of a gate conductor. The gate dielectric layer 1s also
present on sidewalls of the gate conductor.

In another embodiment, a method for forming a CMOS
semiconductor device 1s provided. The method may begin
with providing a semiconductor substrate doped with a first
conductivity dopant 1n a first device region and doped with a
second conductivity dopant 1n a second device region. A first
mask 1s formed on the second device region, leaving the first
device region exposed. Second conductivity raised extension
regions are formed on a first portion of the semiconductor
substrate 1n the first device regions, in which the second
conductivity raised extension regions have a first concentra-
tion of second conductivity dopant. Second conductivity
raised source regions and second conductivity raised drain
regions are formed on the second conductivity raised exten-
s1on regions. The second conductivity raised source regions
and the second conductivity raised drain regions each have a
second concentration of the second conductivity dopant that
1s greater than the first concentration of second conductivity
dopant that 1s 1n the second conductivity raised extension
regions. The first mask 1s removed.

A second mask 1s formed on the first device region, leaving
the second device region exposed. First conductivity raised
extension regions are formed on a first portion of the semi-
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conductor substrate in the second device region, 1n which the
first conductivity raised extension regions have a third con-

centration of first conductivity dopant. First conductivity
raised source regions and first conductivity raised drain
regions are formed on the first conductivity raised extension
regions. The first conductivity raised source regions and the
first conductivity raised drain regions each have a fourth
concentration of the first conductivity dopant that 1s greater
than the third concentration of first conductivity dopant 1n the
first conductivity raised extension regions.

(ate structures are formed on second portions of the semi-
conductor substrate. The second portions of the semiconduc-
tor substrate are between the first portions of the semiconduc-
tor substrate in the first device region and the second device
region.

In another aspect, a semiconductor device 1s provided. In
one embodiment, the semiconductor device includes a semi-
conductor substrate including at least one surface having a
first conductivity type. A gate structure 1s present on the at
least one surface of the semiconductor substrate, wherein the
gate structure includes a gate dielectric layer that 1s positioned
between the semiconductor substrate and a base of a gate
conductor. The gate dielectric layer 1s also present on side-
walls of the gate conductor. Raised extension regions of a
second conductivity type are present on a portion of the
semiconductor substrate that 1s adjacent to the gate structure,
in which the raised extension regions have a first dopant
concentration. The semiconductor device also includes raised
source regions and raised drain regions of a second conduc-
tivity type that are present on the raised extension regions.
The raised source regions and raised drain regions have a
second dopant concentration that 1s greater than the first
dopant concentration.

DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

The following detailed description, given by way of
example and not intended to limit the invention solely thereto,
will best be appreciated 1n conjunction with the accompany-
ing drawings, wherein like reference numerals denote like
clements and parts, 1n which:

FIG. 1 1s a side cross-sectional view depicting an 1nitial
structure 1n accordance with one embodiment of the present
method, 1n which the 1nitial structure includes a semiconduc-
tor substrate having a first device region with a first conduc-
tivity semiconductor layer and a second device region with a
second conductivity semiconductor layer, wherein each of
the first device region and the second device region have a
replacement gate structure present therein.

FIG. 2 1s a side cross-sectional view depicting forming a
first mask on the second device region leaving the first device
region exposed, 1 accordance with one embodiment of the
present method.

FIG. 3 1s a side cross-sectional view depicting forming
second conductivity raised extension regions on {irst portions
ol the semiconductor substrate in the first device regions, and
forming second conductivity raised source regions and sec-
ond conductivity raised drain regions on the second conduc-
tivity raised extension regions, in accordance with one
embodiment of the present method.

FIG. 4 1s a side cross-sectional view depicting forming a
second mask on the first device region leaving the second
device region exposed, 1 accordance with one embodiment
of the present method.

FIG. 5 1s a side cross-sectional view depicting forming first
conductivity raised extension regions on first portions of the
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semiconductor substrate in the second device region, forming
first conductivity raised source regions and first conductivity

raised drain regions on the first conductivity raised extension
regions, and removing the second mask, in accordance with
one embodiment of the present method.

FIG. 6 1s side cross-sectional view depicting forming a
dielectric material having an upper surface that 1s coplanar
with the replacement gate structures, 1n accordance with one
embodiment of the present method.

FIG. 7 1s a side cross-sectional view depicting removing,
the replacement gate structures to provide an opening though
the dielectric material to second portions of the semiconduc-
tor substrate that are between the first portions of the semi-
conductor substrate 1n the first device region and the second
device region, and forming gate structures in the openings to
the second portions of the semiconductor substrate, 1n accor-
dance with one embodiment of the present method.

DETAILED DESCRIPTION

Detalled embodiments of the present mvention are dis-
closed herein; however, 1t 1s to be understood that the dis-
closed embodiments are merely 1llustrative of the invention
that may be embodied 1n various forms. In addition, each of
the examples given in connection with the various embodi-
ments of the invention are intended to be 1llustrative, and not
restrictive. Further, the figures are not necessarily to scale,
some features may be exaggerated to show details of particu-
lar components. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
but merely as a representative basis for teaching one skilled in
the art to variously employ the present invention. The follow-
ing terms have the following meamngs, unless otherwise
indicated.

As used herein, the term “conductivity type” denotes a
dopant region being p-type or n-type.

The term ““direct contact” means that a first element, such
as a first structure, and a second element, such as a second
structure, are connected without any 1intermediary conduct-
ing, isulating or semiconductor layers at the interface of the
two elements.

The terms “overlying™, “atop”, “positioned on” or “posi-
tioned atop” means that a first element, such as a first struc-
ture, 1s present on a second element, such as a second struc-
ture, wherein intervening elements, such as an interface
structure, e.g. interface layer, may be present between the first
clement and the second element.

The embodiments of the present disclosure relate to meth-
ods for producing semiconductor devices having raised
extension regions present on an upper surface of a semicon-
ductor substrate, and raised source and drain regions that are
formed on the raised extension regions. The channel of the
device 1s present in the semiconductor substrate. By forming
the raised extension regions on the upper surface of the sub-
strate, a vertical extension 1s provided. The raised extension
regions may be formed using an epitaxial growth process, in
which the dopant of the raised extension regions may be
introduced by 1n-situ doping during the epitaxial growth pro-
cess. In some embodiments, by producing the raised exten-
s1on regions using the epitaxial growth process and in-situ
doping process, the present method does not require that the
extension regions be formed by ion implantation. The epi-
taxial growth process may also precisely control the exten-
sion length, which extends in a direction away from the sub-
strate, 1.e., vertical direction, 1n which the plane defined by the
direction of the extension length 1s perpendicular to the upper
surface of the substrate. Prior methods that form the extension
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regions 1n the semiconductor substrate by 1on implantation
typically result in uncontrolled lateral diffusion of the exten-
s1on dopant.

FIGS. 1-7 depict one embodiment of a method for forming,
a CMOS semiconductor device. As used herein, the term
“semiconductor device” refers to an intrinsic semiconductor
material that has been doped, that 1s, into which a doping
agent has been mtroduced, giving it different electrical prop-
erties than the intrinsic semiconductor. Doping imnvolves add-
ing dopant atoms to an intrinsic semiconductor, which
changes the electron and hole carrier concentrations of the
intrinsic semiconductor at thermal equilibrium. Dominant
carrier concentration in an extrinsic semiconductor deter-
mines the conductivity type of the semiconductor. Comple-
mentary  metal-oxide-semiconductor (CMOS) device
denotes a semiconductor device having complementary pairs
of p-type and n-type field effect transistors (FETs). Field
cifect transistors (FET's) are transistors in which output cur-
rent, 1.e., source-drain current, 1s controlled by the voltage
applied to the gate. Although FIGS. 1-7 depict a method of
forming a CMOS semiconductor device having a first type
conductivity semiconductor device, e.g., first conductivity
field effect transistor, and a second type conductivity semi-
conductor device, e.g., second conductivity field effect tran-
sistor (FET), the methods and structures disclosed herein are
equally applicable to singular semiconductor devices of a
single conductivity, 1.e., n-type or p-type.

FIG. 1 depicts one embodiment of an initial structure as

used i accordance with one embodiment of the present
method. The mnitial structure may include a semiconductor
substrate 3 having a {irst device region 10 with a first conduc-
tivity first semiconductor layer 4a and a second device region
15 with a second conductivity first semiconductor layer 4b.
Each of the first device region 15 and the second deviceregion
20 have a replacement gate structure 20 present therein.
The semiconductor substrate 3 may be a semiconductor on
insulator (SOI) substrate, in which the semiconductor sub-
strate 5 1includes at least a first semiconductor layer 4a, 45
overlying a dielectric layer 3, wherein the first semiconductor
layer 4a, 4b has a thickness of less than 10 nm. A second
semiconductor layer 2 may be present underlying the dielec-
tric layer 15. Although the following description 1s specific to
an SOI substrate, the semiconductor substrate 5 may also be
a bulk semiconductor substrate.

The first semiconductor layer 4a, 4b may comprise any
semiconducting material including, but not limited to Si,
strained S1, S1C, S1Ge, S1GeC, S1 alloys, Ge, Ge alloys, GaAs,
InAs, and InP, or any combination thereot. The first semicon-
ductor layer 4a, 4b may be thinned to a desired thickness by
planarization, grinding, wet etch, dry etch, oxidation fol-
lowed by oxide etch, or any combination thereof. One method
of thinning the first semiconductor layer 4a, 45 1s to oxidize
the S1 by a thermal dry or wet oxidation process, and then wet
etch the oxide layer using a hydrofluoric acid mixture. This
process can be repeated to achieve the desired thickness. In
one embodiment, the first semiconductor layer 4a, 45 has a
thickness ranging from 1.0 nm to 50.0 nm. In another embodi-
ment, the first semiconductor layer 4a, 46 has a thickness
ranging from 1.0 nm to 1.0 nm. In a further embodiment, the
first semiconductor layer 4 has a thickness ranging from 1.0
nm to 5.0 nm. A first semiconductor layer 4a, 45 that 1s
thinned to a thuickness of 10 nm or less may be referred to as
an “extremely thin semiconductor on insulator (ETSOI)
layer”. The second semiconductor layer 2 may be a semicon-
ducting material including, but not limited to Si1, strained Si,
S1C, S1Ge, S1GeC, S1 alloys, Ge, Ge alloys, GaAs, InAs, InP
as well as other 111/V and II/VI compound semiconductors.
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The dielectric layer 3 that may be present underlying the
first semiconductor layer 4a, 45 and atop the second semi-
conductor layer 2 may be formed by implanting a high-energy
dopant into the semiconductor substrate 3 and then annealing
the structure to form a buried isulating layer, 1.e., dielectric
layer 3. In another embodiment, the dielectric layer 3 may be
deposited or grown prior to the formation of the first semi-
conductor layer 4a, 4b. In yet another embodiment, the semi-
conductor substrate 5 may be formed using water-bonding
techniques, where a bonded water pair 1s formed utilizing
glue, adhesive polymer, or direct bonding.

The semiconductor substrate 5 may include 1solation
regions 6, such as shallow trench 1solation (STI) regions. The
STI regions are formed by etching a trench 1n the semicon-
ductor substrate 5 utilizing a dry etchung process, such as
reactive-ion etching (RIE) or plasma etching. The trenches
may optionally be lined with a liner matenal, e.g., an oxide,
and then chemical vapor deposition (CVD) or another like
deposition process 1s used to fill the trench with oxide, nitride,
polysilicon or another like STI dielectric material. The STI
dielectric may optionally be densified after deposition. A
planarization process, such as chemical-mechanical polish-
ing (CMP), may be used to provide a planar structure.

The positioning of the 1solation regions 6 typically define
the boundaries of the first device region 10 and the second
device region 15. The first device region 10 of the semicon-
ductor substrate 5 may include a first semiconductor layer 4a
being doped to a first conductivity. In one embodiment, the
first conductivity dopant in the first semiconductor layer 4a 1s
present in a concentration as great as 1E15 atoms/cm’, i.e., 0
atoms/cm” to 1E15 atoms/cm’. In another embodiment, the
first conductivity dopant in the first semiconductor layer 4a 1s
present in a concentration ranging from 1E10 atoms/cm’ to
1E21 atoms/cm”. In a further embodiment, the first conduc-
tivity dopant 1n the first semiconductor layer 4a 1s present in
a concentration ranging from 3E20 atoms/cm” to 6E20 atoms/
cm”.

The second device region 15 of the semiconductor sub-
strate 3 may include a first semiconductor layer 45 that 1s
doped to a second conductivity. In one embodiment, the sec-
ond conductivity dopant 1in the first semiconductor layer 4 1s
present in a concentration as great as 1E15 atoms/cm, i.e., 0
atoms/cm” to 1E15 atoms/cm’. In another embodiment, the
second conductivity dopant 1n the first semiconductor layer
4bis present in a concentration ranging from 1E20 atoms/cm”
to 1E21 atoms/cm”. In yet another embodiment, the second
conductivity dopant in the first semiconductor layer 45 1s
present in a concentration ranging from 3E20 atoms/cm” to
6520 atoms/cm”.

In one embodiment, the first device region 10 may have a
first semiconductor layer 4a having a well region of an n-type
dopant, in which the first device region 10 will be subse-
quently be processed to provide p-type source and drain
regions. The second device region 15 may have a {irst semi-
conductor layer 4b with a well region of a p-type dopant, 1n
which the second device region 15 will be subsequently be
processed to provide n-type source and drain regions. P-type
dopant refers to the addition of impurities to an intrinsic
semiconductor that create deficiencies of valence electrons,
such as boron, aluminum, gallium or indium to an intrinsic
semiconductor surface comprised of silicon. N-type dopant
refers to the addition of impurities that contribute free elec-
trons to an 1ntrinsic semiconductor, such as antimony, arsenic
or phosphorous to a semiconducting surface comprised of
s1licon.

Still referring to FIG. 1, replacement gate structures 20 are
then formed atop the first semiconductor layer 4a, 45 1n the
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first device region 10 and the second device region 15. The
replacement gate structures 20 are formed by first blanket
depositing a layer of replacement gate material using a depo-
sition process, including but not limited to: low pressure
chemical vapor deposition or room temperature chemical
vapor deposition. The replacement gate material may be any
material that can occupy the space 1n which the subsequently
formed functional gate structure 1s to be positioned.
Examples of materials for the replacement gate structures 20
include dielectrics including, but not limited to: oxides,
nitrides and oxynitride materials. In one embodiment, the
replacement gate structure 1s composed of silicon nitride. The
replacement gate structures 20 may also be formed from
semiconductor materials such as polysilicon. Other materials
can be employed for the replacement gate structures 20, so
long as the replacement gate structure 20 may be removed
selectively to the first semiconductor layer 4a, 4b5. The
replacement gate material may have a thickness ranging from
approximately 80.0 nm to approximately 200.0 nm.

The replacement gate structures 20 are then formed from
the deposited layer of replacement gate material using con-
ventional photolithography and etching. More specifically, a
pattern 1s produced by applying a photoresist to the surface to
be etched; exposing the photoresist to a pattern of radiation;
and then developing the pattern into the photoresist utilizing
a conventional resist developer. Once the patterming of the
photoresist 1s completed, the sections covered by the photo-
resist are protected while the exposed regions are removed
using a selective etching process that removes the unpro-
tected regions. As used herein, the term ““selective™ 1n refer-
ence to a material removal process denotes that the rate of
material removal for a first materal 1s greater than the rate of
removal for at least another material of the structure to which
the material removal process 1s being applied. The replace-
ment gate structures 20 are positioned on a second portion of
the first semiconductor layer 4a, 45. The second portion of the
first semiconductor layer 4a, 45 1s present between and sepa-
rating the first portions of the first semiconductor layer 4a, 45.
The first portions of the first semiconductor layer 4a, 4b
provide the site for the subsequently formation of the raised
extension regions.

FIG. 2 depicts forming a first mask 11 on the second device
region 15 leaving the first device region 10 exposed. The first
mask 11 may comprise soit and/or hardmask materials and
can be formed using deposition, photolithography and etch-
ing. A photoresist block mask can be produced by applying a
photoresist layer to the surface of the semiconductor substrate
5, exposing the photoresist layer to a pattern of radiation, and
then developing the pattern into the photoresist layer utilizing
a resist developer. Alternatively, the first mask 11 can be a
hardmask material. Hardmask materials include dielectric
systems that may be deposited by chemical vapor deposition
(CVD) and related methods. Typically, the hardmask compo-
sition 1ncludes silicon oxides, silicon carbides, silicon
nitrides, silicon carbonitrides, etc. Spin-on dielectrics may
also be utilized as a hardmask material including, but not
limited to: silsequioxanes, siloxanes, and boron phosphate
silicate glass (BPSG). A first mask 11 comprising a hardmask
material may be formed by blanket depositing a layer of
hardmask material, providing a patterned photoresist atop the
layer of hardmask material; and then etching the layer of
hardmask material to provide a first mask 11 protecting the
second device region 15.

In one embodiment, and prior to forming the first mask 11,
a first conformal dielectric layer 12 1s formed over the struc-
tures within the first device region 15 and the second device
region 20. As used herein, “a conformal dielectric layer” 1s a
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deposited material having a thickness that remains the same
regardless of the geometry of underlying features on which
the layer 1s deposited. The thickness of a conformally depos-
ited dielectric layer varies by no greater than 20% of the
average thickness for the layer. In one embodiment, the first
conformal dielectric layer 12 1s formed 1n direct contact with
the upper and sidewall surfaces of the replacement gate struc-
tures 20, the exposed upper surfaces of the first semiconduc-
tor layer 4a, 4b, and the exposed surfaces of the 1solation
regions 6 1n the first and second device regions 10, 15.

The first conformal dielectric layer 12 may be an oxide,
nitride or oxynitride material. In one example, the first con-
tormal dielectric layer 12 1s composed of silicon oxide. The
first conformal dielectric layer 12 may be formed using ther-
mal growth or deposition. In one example, the first conformal
dielectric layer 12 1s deposited using thermal oxidation and 1s
composed of silicon oxide. In another example, the first con-
tormal dielectric layer 12 1s formed by a deposition process,
such as chemical vapor deposition (CVD). Chemical vapor
deposition (CVD) 1s a deposition process 1n which a depos-
ited species 1s formed as a results of chemical reaction
between gaseous reactants at an elevated temperature typi-
cally being greater than 300° C., wherein solid product of the
reaction 1s deposited on the surface on which a film, coating,
or layer of the solid product i1s to be formed. Variations of

CVD processes suitable for the conformal dielectric layer 12
include but are not limited to Atmospheric Pressure CVD
(APCVD), Low Pressure CVD (LPCVD) and Plasma
Enhanced CVD (EPCVD), Metal-Organic CVD (MOCVD)
and others. The thickness of the first conformal dielectric
layer 12 1s typically from about 1.0 nm to about 10.0 nm. In
another embodiment, the first conformal dielectric layer 12
has a thickness that ranges from 2.0 nm to 3.0 nm.

FIG. 3 depicts forming second conductivity raised exten-
sion regions 13 on {irst portions of the first semiconductor
layer 4a 1n the first device region 10, and forming second
conductivity raised source regions 14 and second conductiv-
ity raised drain regions 16 on the second conductivity raised
extension regions 13. In one embodiment, prior to forming
the second conductivity raised extension regions 13, the
exposed portion of the first conformal dielectric layer 12 1s
removed from the first device region 10 by an etch process,
while the portion of the first conformal dielectric layer 12 that
1s present 1n the second device region 20 1s protected by the
firstmask 11. The etch process is typically a selective etch that
removes the first conformal dielectric layer 12 selective to the
first mask 11, the replacement gate structure 20 in the first
device region 10, the 1solation regions 6, and the first semi-
conductor layer 4a in the first device region 10. In one
embodiment, 1n which the first conformal dielectric layer 12
1s composed of silicon oxide, the replacement gate 1s com-
posed of silicon nitride, the first semiconductor layer 1s com-
posed of silicon, and first mask 11 1s a photoresist material,
the etch process may be an HF strip. Once the exposed portion
of the first conformal dielectric layer 12 1s etched, the first
mask 11 may be removed by a chemical strip, oxygen ashing
and/or selective etching.

FIG. 3 depicts one embodiment of selectively forming the
second conductivity raised extension regions 13 on {irst por-
tions of the first semiconductor layer 4a 1n the first device
region 10. The first semiconductor layer 4a that 1s present in
the first device region 10 1s also doped to the second conduc-
tivity. “Selective” as used in combination with the terms
formation, growth and/or deposition means that a semicon-
ductor material 1s formed onto another semiconductor mate-
rial without being formed on the surrounding insulating areas.
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Therefore, in the embodiment depicted in FIG. 3, the remain-
ing portion of the first conformal dielectric layer 12 obstructs
the second conductivity raised extension regions 13 from
being formed in the second device region 13. The selectively
deposited semiconductor may be amorphous, poly-crystal-
line or single crystal material that 1s oriented or not orientated

with the underlying first semiconductor layer 4a.

The term “raised” as used to describe the second conduc-
tivity raised extension regions 13 means that the added semai-
conductor material has an upper surface that i1s vertically
offset and above the upper surface of the first semiconductor
layer 4a, 4b. The first semiconductor layer 4a that 1s present
in the first device region 10 contains the channel region of the
subsequently formed device. The channel region 1s the region
that 1s underlying the gate structure and between the source
and drain of the subsequently formed semiconductor device
that becomes conductive when the semiconductor device 1s
turned on.

In one embodiment, the second conductivity raised exten-
sion regions 13 are composed of epitaxially formed material
that 1s formed 1n direct contact with the exposed upper surface
of the first semiconductor layer 4a. “Epitaxial growth and/or
deposition” means the growth of a semiconductor material on
a deposition surface of a semiconductor material, in which the
semiconductor material being grown has the same crystalline
characteristics as the semiconductor material of the deposi-
tion surface.

The second conductivity raised extension regions 13 may
be composed of a silicon-containing material. In one embodi-
ment, the second conductivity raised extension regions 13 are
composed of silicon. The silicon may be single crystal, poly-
crystalline or amorphous. The second conductivity raised
extension regions 13 may also be composed of a germanium
containing material. In one embodiment, the second conduc-
tivity raised extension regions 13 are composed of germa-
nium. The germanium may be single crystal, polycrystalline
or amorphous. In another example, the second conductivity
raised extension regions 13 may be composed of S1Ge.

A number of different sources may be used for the selective
deposition of silicon. Silicon sources for growth of silicon
(epitaxial or poly-crystalline) include silicon tetrachloride,
dichlorosilane (S1H,Cl,), and silane (S1H,). The temperature
for epitaxial silicon deposition typically ranges from 550° C.
to 900° C. Higher temperature typically results in faster depo-
sition, the faster deposition may result 1n crystal defects and
f1lm cracking

The second conductivity raised extension regions 13 may
have a thickness ranging from 5 nm to 80 nm, as measured
from the upper surface of the first semiconductor layer 4a. In
another embodiment, the second conductivity raised exten-
s1on regions 13 has a thickness ranging from 10 nm to 50 nm,
as measured from the upper surface of the first semiconductor
layer 4a. In yet another embodiment, the second conductivity
raised extension regions 13 has a thickness ranging from 10
nm to 20 nm, as measured from the upper surtace of the first
semiconductor layer 4a.

The second conductivity raised extension regions 13 have
a conductivity that 1s opposite the conductivity of the first
semiconductor layer 4a in the first device region 10. For
example, when the first semiconductor layer 4a that 1s 1n the
first device region 10 1s doped with an n-type dopant, the
second conductivity raised extension regions 13 are doped
with a p-type dopant. The second conductivity raised exten-
s1on regions 13 may be doped during the deposition process,
c.g., epitaxial growth process, using an in-situ doping
method.




US 8,299,546 B2

9

In one embodiment, p-type semiconductor devices are pro-
duced in the first device region 10 by doping the second
conductivity raised extension regions 13 with elements from
group III of the Periodic Table of Elements. In one embodi-
ment, the group III element 1s boron, aluminum, galllum or 5
indium. In one embodiment, 1n which the second conductiv-
ity raised extension regions 13 1s doped to provide a p-type
conductivity, the dopant may be present in a concentration
ranging from 1E20 atoms/cm’ to 1E21 atoms/cm”. In another
embodiment, 1n which the second conductivity raised exten- 10
sion regions 13 1s doped to provide a p-type conductivity, the
dopant may be present in a concentration ranging from 3E20
atoms/cm” to 6E20 atoms/cm”.

Still referring to FIG. 3, second conductivity raised source
and drain regions 14, 16 are then formed 1n direct contact with 15
the upper surface of the second conductivity raised extension
regions 13. The second conductivity raised source and drain
regions 14, 16 have the same conductivity type as the second
conductivity raised extension regions 13. For example, when
the second conductivity raised extension regions 13 have a 20
p-type conductivity, the second conductivity raised source
and drain regions 14, 16 have a p-type conductivity. The
second conductivity raised source regions 14 and the second
conductivity raised drain regions 16 each have a concentra-
tion of the second conductivity dopant that 1s greater than the 25
concentration of second conductivity dopant in the second
conductivity raised extension regions 13.

Similar to the second conductivity raised extension regions
13, the second conductivity raised source and drain regions
14, 16 may be formed using a selective deposition process, 30
such as epitaxial growth. A drain region 1s a doped region 1n
semiconductor device, 1n which carriers are flowing out of the
transistor through the drain. A source region 1s a doped region
in the semiconductor device, in which majority carriers are
flowing into the channel region. 35

The second conductivity raised source and drain regions
14, 16 may be composed of the same or different material as
the second conductivity raised extension regions 13. Further,
similar to the second conductivity raised extension regions
13, the second conductivity raised source and drain regions 40
14, 16 may be doped using an 1n-situ doping process. There-
fore, with the exception of the doping concentration of the
second conductivity raised source and drain regions 14, 16,
the above description for the formation and composition of
the second conductivity raised extension regions 13 1s appli- 45
cable to the second conductivity raised source and drain
regions 14, 16.

In one embodiment, in which the second conductivity
raised source and drain regions 14, 16 1s doped to provide a
p-type conductivity, the dopant may be present 1n a concen- 50
tration ranging from 1E20 atoms/cm” to 1E21 atoms/cm’. In
another embodiment, in which the second conductivity raised
source and drain regions 14, 16 1s doped to provide a p-type
conductivity, the dopant may be present 1n a concentration
ranging from 3E20 atoms/cm’ to 6E20 atoms/cm”. In yet 55
another embodiment, 1n which the second conductivity raised
source and drain regions 14, 16 1s doped to provide a p-type
conductivity, the dopant may be boron that 1s present 1n a
concentration ranging from 5E20 atoms/cm” to 1E21 atoms/
cm’. 60

The second conductivity raised source and drain regions
14,16 may each have athickness ranging from 5 nm to 80 nm,
as measured from the upper surface of the second conductiv-
ity raised extension regions 13. In another embodiment, the
second conductivity raised source and drain regions 14, 16 65
cach have a thickness ranging from 10 nm to 350 nm, as
measured from the upper surface of the second conductivity
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raised extension regions 13. In yet another embodiment, the
second conductivity raised source and drain regions 14, 16
cach have a thickness ranging from 10 nm to 20 nm, as
measured from the upper surface of the second conductivity
raised extension regions 13.

The second conductivity raised source and drain regions
14, 16 may each have a tapered portion that extends from the
sidewall of the replacement gate structure 20. The thickness
of the tapered portion of the second conductivity raised
source and drain regions 14, 16 increases 1n the lateral direc-
tion away from the replacement gate structure

FIG. 4 depicts removing the remaiming portion of the first
conformal dielectric layer 12 from the second device region
15, and forming a second mask 8 on the first device region 10.
The second mask 8 leaves the second device region 15
exposed. In one embodiment, prior to removing the remain-
ing portion of the first conformal dielectric layer 12 and
forming the second mask 8, a second conformal dielectric
layer 7 1s formed over the structures within the first device
region 15 and the second device region 20. The second con-
tormal dielectric layer 7 may be formed 1n direct contact with
the upper and sidewall surfaces of the replacement gate struc-
tures 20, the remaining portion of the first conformal dielec-
tric layer 12, the exposed upper surfaces of the first semicon-
ductor layer 4a 1n the first device region 10, and the exposed
surfaces of the 1solation regions 6.

The second contormal dielectric layer 7 may be an oxide,
nitride or oxynitride material. In one example, the second
conformal dielectric layer 7 1s composed of silicon oxide. The
second conformal dielectric layer 7 may be formed using
thermal growth or deposition processed. In one example, the
second conformal dielectric layer 7 1s deposited using ther-
mal oxidation and 1s composed of silicon oxide. The thick-
ness of the second conformal dielectric layer 7 1s typically
from about 1.0 nm to about 10.0 nm. In another embodiment,
the second conformal dielectric layer 7 has a thickness that
ranges from 2.0 nm to 5.0 nm. The second conformal dielec-
tric layer 7 1s similar 1n composition and method of manufac-
turing as the first conformal dielectric layer 12.

The above description for the formation and composition
of the first conformal dielectric layer 12 1s applicable to the
second conformal dielectric layer 7.

Following the formation of the second conformal dielectric
layer 7, the second mask 8 1s formed atop the first device
region 10. The second mask 8 1s similar 1n composition and
method of manufacturing as the first mask 11. The above
description for the formation and composition of the first
mask 11 1s applicable to the second mask 8. The second mask
8 does not cover the second device region 15.

An etch process removes the second conformal dielectric
layer 7 and the remaining portion of the first conformal
dielectric layer 12 from the second device region 15. The etch
process may be a selective etch process, 1n which the exposed
portion of the second contformal dielectric layer 7 and the
remaining portion of the first conformal dielectric layer 12
that 1s present in the second device region 15 1s removed
selective to the second mask 8. The etch process that removes
the exposed portion of the second conformal dielectric layer
7 and the remaining portion of the first conformal dielectric
layer 12 exposes the upper surface of the first semiconductor
layer 45 that 1s present in the second device region 15. A
portion of the second conformal dielectric layer 7 that 1s
present underlying the second mask 8 remains within the first
device region 10. Once the first semiconductor layer 45 that 1s
present in the second device region 135 1s exposed, the second
mask 8 may be removed by a chemical strip, oxygen ashing
and/or selective etching.
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FIG. 5 depicts forming first conductivity raised extension
regions 17 on first portions of the first semiconductor layer
4b, 1n the second device region 15. The first semiconductor
layer 45 that 1s present 1n the second device region 15 1s doped
to a second conductivity. In one embodiment, the first con-
ductivity raised extension regions 17 are selectively deposited
on the first portions of the first semiconductor layer 45 of the
second conductivity 1n the second device region 15, 1n which
the first conductivity raised extension regions 17 are not
formed 1n the first device region 10. Therefore, the remaining
portion of the second conformal dielectric layer 7 obstructs
the first conductivity raised extension regions 17 from being,
formed 1n the firstdevice region 10. The selectively deposited
semiconductor may be amorphous, poly-crystalline or single
crystal material that 1s oriented or not orientated with the
underlying first semiconductor layer 45.

In one embodiment, the first conductivity raised extension
regions 17 1s composed of epitaxially formed material that 1s
formed 1n direct contact with the exposed upper surface of the
first semiconductor layer 4b. The first conductivity raised
extension regions 17 may be composed of a silicon-contain-
ing material, which may be a single crystal, polycrystalline or
amorphous material. The first conductivity raised extension
regions 17 may also be composed of silicon that 1s doped with
carbon (S1:C). A number of different sources may be used for
the selective deposition of silicon. Silicon sources for growth
of silicon (epitaxial or poly-crystalline) include silicon tetra-
chlonide, dichlorosilane (S1H,C1,), and silane (SiH,). The
temperature for epitaxial silicon deposition typically ranges
from 550° C. to 900° C. Higher temperature typically results
in faster deposition, the faster deposition may result in crystal
defects and film cracking

The first conductivity raised extension regions 17 may have
a thickness ranging from 5 nm to 80 nm, as measured from the
upper surface of the first semiconductor layer 46. In another
embodiment, the first conductivity raised extension regions
17 has a thickness ranging from 10 nm to 50 nm, as measured
from the upper surface of the first semiconductor layer 456. In
yet another embodiment, the first conductivity raised exten-
sion regions 17 has a thickness ranging from 10 nm to 20 nm,
as measured from the upper surface of the first semiconductor
layer 4b.

The first conductivity raised extension regions 17 have a
conductivity that 1s opposite the first semiconductor layer 45,
1.e., second conductivity first semiconductor layer, in the
second device region 15. For example, when the first semi-
conductor layer 46 that 1s in the second device region 135 1s
doped with a p-type dopant, the first conductivity raised
extension regions 17 are doped with an n-type dopant. The
first conductivity raised extension regions 17 may be doped
during the deposition process, e.g., epitaxial growth process,
using an 1n-situ doping method.

In one embodiment, n-type semiconductor devices are pro-
duced i the second device region 15 by doping the first
conductivity raised extension regions 17 with elements from
group V of the Periodic Table of Elements. In one embodi-
ment, the group V element 1s phosphorus, arsenic, antimony
or a combination thereof. In one embodiment, 1n which the
first conductivity raised extension regions 17 are doped to
provide an n-type conductivity, the dopant may be present in
a concentration ranging from 1E20 atoms/cm” to 1E21 atoms/
cm’. In another embodiment, in which the first conductivity
raised extension regions 17 are doped to provide an n-type
conductivity, the dopant may be present in a concentration
ranging from 3E20 atoms/cm’ to 6E20 atoms/cm”. In yet
another embodiment, 1n which the first conductivity raised
extension regions 17 1s doped to provide an n-type conduc-
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tivity, the dopant may be phosphorus that 1s present in a
concentration ranging from 5E20 atoms/cm” to 1E21 atoms/
cm”.

Still referring to FI1G. 5, first conductivity raised source and
drain regions 18, 19 are formed 1n direct contact with the
upper surface of the first conductivity raised extension
regions 17. The first conductivity raised source and drain
regions 18, 19 have the same conductivity type as the first
conductivity raised extension regions 17. For example, when
the first conductivity raised extension regions 17 have an
n-type conductivity, the first conductivity raised source and
drain regions 18, 19 have an n-type conductivity. The first
conductivity raised source regions 18 and the first conductiv-
ity raised drain regions 19 each have a concentration of the
first conductivity dopant that 1s greater than the concentration
of first conductivity dopant 1n the first conductivity raised
extension regions 17.

Similar to the first conductivity raised extension regions
17, the first conductivity raised source and drain regions 18,
19 may be formed using a selective deposition process, such
as epitaxial growth. The first conductivity raised source and
drain regions 18, 19 may be composed ol the same or different
material as the first conductivity raised extension regions 17.
Further, similar to the first conductivity raised extension
regions 17, the first conductivity raised source and drain
regions 18, 19 may be doped using an in-situ doping process.
Therefore, with the exception of the doping concentration of
the first conductivity raised source and drain regions 18, 19,
the above description for the formation and composition of
the first conductivity raised extension regions 17 1s applicable
to the first conductivity raised source and drain regions 18, 19.

In one embodiment, in which the first conductivity raised
source and drainregions 18, 19 are doped to provide ann-type
conductivity, the dopant may be present in a concentration
ranging from 1E20 atoms/cm” to 1E21 atoms/cm”. In another
embodiment, 1n which the first conductivity raised source and
drain regions 18, 19 are doped to provide an n-type conduc-
tivity, the dopant may be present in a concentration ranging
from 3E20 atoms/cm’ to 6E20 atoms/cm”. In yet another
embodiment, in which the first conductivity raised source and
drain regions 18, 19 are doped to provide an n-type conduc-
tivity, the dopant may be phosphorus that 1s present in a
concentration ranging from SE20 atoms/cm” to 1E21 atoms/
cm”.

The first conductivity raised source and drain regions 18,
19 may each have a thickness ranging from 5 nm to 80 nm, as
measured from the upper surface of the first conductivity
raised extension regions 17. In another embodiment, the first
conductivity raised source and drain regions 18, 19 each have
a thickness ranging from 10 nm to 350 nm. In yet another
embodiment, the first conductivity raised source and drain
regions 18, 19 each have a thickness ranging from 10 nm to 20
nm. Similar to the second conductivity raised source and
drain regions 14, 16, the first conductivity raised source and
drain regions 18, 19 may each have a tapered portion that
extends from the sidewall of the replacement gate structure
20.

FIG. 6 depicts forming a dielectric maternial 9 having an
upper surface that 1s coplanar with the replacement gate struc-
tures 20. In one embodiment, prior to forming the dielectric
material 9, metal semiconductor alloy regions 21 may be
formed on the first conductivity raised source and drain
regions 18, 19 and the second conductivity raised source and
drain regions 14, 16. In one embodiment, the metal semicon-
ductor alloy 1s a silicide. Silicide formation typically requires
depositing a refractory metal, such as cobalt, nickel, or tita-

nium onto the surface of a silicon-containing material. Fol-
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lowing deposition, the structure 1s subjected to an annealing
process, such as rapid thermal annealing. During thermal
annealing, the deposited metal reacts with the silicon forming
a silicide. The remaining unreacted metal 1s removed by a
selective etch process.

A layer of dielectric material 9 can be blanket deposited
atop the entire semiconductor substrate 5 and planarized.
Planarization 1s a material removal process that employs at
least mechanical forces, such as frictional media, to produce
a planar surface. The blanket dielectric may be selected from

the group consisting of silicon-containing materials such as
S10,, S1;N,, S1O.N,, S1C, S1CO, S1COH, and S1CH com-
pounds; the above-mentioned silicon-containing materials
with some or all of the S1 replaced by Ge; carbon-doped
oxides; morganic oxides; 1inorganic polymers; hybrid poly-
mers; organic polymers such as polyamides or S1ILK™; other
carbon-containing materials; organo-inorganic materials
such as spin-on glasses and silsesquioxane-based matenals;
and diamond-like carbon (DLC, also known as amorphous
hydrogenated carbon, o-C:H). Additional choices for the
blanket dielectric include: any of the aforementioned materi-
als 1n porous form, or 1n a form that changes during process-
ing to or from being porous and/or permeable to being non-
porous and/or non-permeable.

The planarization of the dielectric material 9 may be con-
tinued until the upper surface of the replacement gate struc-
tures 20 are exposed, and the upper surface of the planarized
dielectric material 9 1s coplanar with the upper surface of the
replacement gate structures 20. In one embodiment, the pla-
narization process 1s provided by chemical mechanical pla-
narization (CMP). Chemical Mechanical Planarization
(CMP) 1s a material removal process using both chemical
reactions and mechanical forces to remove material and pla-
narize a surface.

FI1G. 7 depicts removing the replacement gate structures 20
to provide an opening though the dielectric material 9 to
second portions of the semiconductor substrate 3 1n each of
the first device region 10 and the second deviceregion 15. The
replacement gate structures 20 may be removed using a selec-
tive etch process. In one embodiment, 1n which the replace-
ment gate structures 20 are composed of silicon nitride and
the dielectric material 9 1s composed of silicon oxide, selec-
tive removal of the replacement gate structures 20 1s achieved
via a wet etch procedure. In one example, the wet etch pro-
cedure may 1nclude a hot phosphoric acid solution that selec-
tively removes the silicon nitride replacement gate structure
20 without etching the silicon oxide dielectric material 9. This
procedure results 1n an opening, or space, that exposes the
second portion of the first semiconductor layer 4a, 46 1n the
first device region 10 and the second device region 135. The
removal of replacement gate structures 20 does not result in
significant attack or removal of the first semiconductor layer
da, 4b 1n the first device region 10 and the second device
region 15 that provides the channel region of the device being,
formed.

FI1G. 7 further depicts forming functional gate structures 22
in the openings to the second portions of the first semicon-
ductor layer 4a, 4b 1n the first device region 10 and the second
device region 15 of the semiconductor substrate 5. As used
herein, a functional gate structure 22 1s used to control output
current (1.e., flow of carriers in the channel) of a semiconduct-
ing device through electrical or magnetic fields. Typically, the
functional gate structure 22 includes at least one gate conduc-
tor 24 and at least one gate dielectric 23.

The gate dielectric 23 may be a dielectric material, such as
S10,, or alternatively high-k dielectrics, such as oxides of Hf,

Ta, Zr, Al or combinations thereof. A “high-k” dielectric 1s a
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dielectric or msulating material having a dielectric constant
that 1s greater than the dielectric constant of silicon oxide.
High-k dielectrics have a dielectric constant greater than the
dielectric constant of S10,, e.g., greater than 4.0. In another
embodiment, the gate dielectric 23 1s comprised of an oxide,
such as H1O,, S10,, ZrO,, Ta,O. or Al,O;. In one embodi-
ment, the gate dielectric 23 has a thickness ranging from 1 nm
to 10 nm. In another embodiment, the gate dielectric 23 has a
thickness ranging from 1.5 nm to 2.5 nm.

The gate dielectric 23 may be formed using a deposition or
growth process. In one embodiment, the gate dielectric 23 1s
deposited using a conformal deposition process, such as
chemical vapor deposition (CVD), e.g., plasma enhanced
chemical vapor deposition (PECVD). In one embodiment,
the gate dielectric 23 1s formed on the base of the opening, 1.¢.,
L
t

-

e second portion of the first semiconductor layer 4a, 45, and
ne sidewalls of the opening that 1s provided by the dielectric
material 9 1n each of the first and second device regions 10,
15. The gate dielectric 23 may also be formed on the upper
surface of the dielectric material 9. The portion of the gate
dielectric 23 that 1s formed on the upper surface of the dielec-
tric material 9 may be removed by a planarization or etch
Process.

A gate conductor 24 may be formed atop the gate dielectric
23. The gate conductor 24 may {ill the openings 1n the first
device region 10 and the second device region 15 that are
formed by removing the replacement gate structure 20. The
gate conductor 24 may be formed using physical deposition
methods, such as plating and sputtering. The gate conductor
24 may also be deposited using chemical vapor deposition
(CVD).

The gate conductor 24 may be composed of any conductive
material including but not limited to: polysilicon; a conduc-
tive elemental metal such as W, Cu, Pt, Ag, Al, Au, Ru, Ir, Rh,
T1, Ta and Re; alloys that include at least one of the afore-
mentioned conductive elemental metals; silicides or nitrides
that include at least one of the above-mentioned conductive
elemental metals; and combinations thereof. When a combi-
nation of conductive elements 1s employed 1n the gate con-
ductor 24, an optional diffusion barrier material such as TalN
or WN may be formed between the conductive materials. The
gate conductor 24 may also be composed of low resistivity
intermetallics. In one embodiment, the gate conductor 24
may be a doped semiconductor material, such as a doped
silicon-contaiming material, €.g., doped polysilicon. In some
examples, the gate conductor 24 1s doped with an n-type or
p-type dopant.

While the present invention has been particularly shown
and described with respect to preferred embodiments thereot,
it will be understood by those skilled 1n the art that the fore-
going and other changes 1n forms and details may be made
without departing from the spirit and scope of the present
invention. It 1s therefore imtended that the present invention
not be limited to the exact forms and details described and
illustrated, but fall within the scope of the appended claims.

What 1s claimed 1s:
1. A method of forming a semiconductor device compris-
ng:

providing a semiconductor substrate doped with a first
conductivity dopant, said semiconductor substrate hav-
ing first portions separated by a second portion present
therebetween;

forming raised extension regions on the first portions of the
semiconductor substrate, wherein the raised extension
regions have a first concentration of a second conduc-
tivity dopant;
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forming raised source regions and raised drain regions on
the raised extension regions, the raised source regions
and the raised drain regions each having a second con-
centration of the second conductivity dopant, wherein
the second concentration 1s greater than the first concen-
tration; and

forming a gate structure on the second portion of the semi-

conductor substrate, the gate structure including a gate
dielectric layer that 1s positioned between the semicon-
ductor substrate and a base of a gate conductor, wherein
the gate dielectric layer 1s also present on sidewalls of
the gate conductor, wherein an inner edge of the raised
extension regions 1s 1 contact with the gate dielectric
layer that 1s present on the sidewalls of the gate conduc-
tor that provides a sidewall of the gate structure and an
iner edge of the raised source regions and the raised
drain regions 1s in contact with the gate dielectric layer
that 1s present on the sidewalls of the gate conductor that
provides the sidewall of the gate structure so that the
iner edge of the raised source regions and the raised
drain regions 1s aligned to the mner edge of the raised
extension regions.

2. The method of claim 1, wherein the first conductivity
dopant 1s one of an n-type or p-type dopant, and the second
conductivity dopant 1s an other of the n-type or the p-type
dopant.

3. The method of claim 1, wherein the first conductivity
dopant 1n the semiconductor substrate 1s present 1n a concen-
tration ranging from 0 atoms/cm’ to 1E15 atoms/cm”.

4. The method of claim 1, wherein the forming of the gate
structure comprises:

forming a replacement gate structure on the second portion

of the semiconductor substrate before the forming of the
raised extension regions on the first portions of the semi-
conductor substrate:

forming a dielectric material having an upper surface

coplanar with the replacement gate structure aiter the
forming of the raised source regions and the raised drain
regions on the raised extension regions;

removing the replacement gate structure to provide an

opening though the dielectric material to the second
portion of the semiconductor substrate;

forming the gate dielectric layer on the second portion of

the semiconductor substrate and sidewall of the dielec-
tric material;

filling the opening with the gate conductor; and

removing the dielectric material.

5. The method of claim 4, wherein the forming the gate
dielectric layer comprises depositing a conformal dielectric
layer.

6. The method of claim 1, wherein the forming of the raised
extension comprises epitaxial growth of an extension semi-
conductor material.

7. The method of claim 6, wherein the second conductivity
dopant that 1s present 1n the raised extension regions 1s 1ntro-
duced by 1n-situ doping during the epitaxial growth or by 1on
implantation following the epitaxial growth process that pro-
vides the extension semiconductor material or a combination
thereol.

8. The method of claim 1, wherein the first concentration of
the second conductivity dopant in the raised extension
regions ranges from 1E20 atoms/cm” to 1E21 atoms/cm”.

9. The method of claim 1, wherein the forming of the raised
source regions and the raised drain regions comprise epitaxial
growth of a source and drain semiconductor material.
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10. The method of claim 9, wherein the second conductiv-
ity dopant that 1s present in the source and drain semiconduc-
tor material 1s introduced by in-situ doping during the epi-
taxial growth.

11. The method of claim 1, wherein the second concentra-
tion of the second conductivity dopant 1n the source regions
and drain regions ranges from 1E20 atoms/cm” to 1E21
atoms/cm”.

12. A method for forming a CMOS semiconductor device
comprising;

providing a semiconductor substrate doped with a first

conductivity dopant 1n a first device region and doped
with a second conductivity dopant 1n a second device
region;

forming a first mask on the second device region, wherein

the first device region exposed;

forming second conductivity raised extension regions on a

first portion of the semiconductor substrate in the first
device region, said second conductivity raised extension
regions have a first concentration of second conductivity
dopant;

forming second conductivity raised source regions and

second conductivity raised drain regions on the second
conductivity raised extension regions, wherein the sec-
ond conductivity raised source regions and the second
conductivity raised drain regions each have a second
concentration of the second conductivity dopant that 1s
greater than the first concentration of the second con-
ductivity dopant 1in the second conductivity raised exten-
sion regions, wherein an mner edge of the second con-
ductivity raised source regions and the second
conductivity raised drain regions 1s aligned to an 1inner
edge of the second conductivity raised extension
regions;

removing the first mask and forming a second mask on the

first device region leaving the second device region
exposed;
forming first conductivity raised extension regions on a
first portion o the semiconductor substrate 1n the second
device region, said first conductivity raised extension
regions have a third concentration of first conductivity
dopant;
forming first conductivity raised source regions and first
conductivity raised drain regions on the first conductiv-
ity raised extension regions, the first conductivity raised
source regions and the first conductivity raised drain
regions each having a fourth concentration of the first
conductivity dopant that 1s greater than the third concen-
tration of first conductivity dopant in the first conductiv-
ity raised extension regions, wherein an inner edge of the
first conductivity raised source regions and the first con-
ductivity raised drain regions 1s aligned to an inner edge
of the first conductivity raised extension regions; and

forming gate structures on second portions of the semicon-
ductor substrate that are between the first portion of the
semiconductor substrate 1n the first device region and the
second device region.

13. A semiconductor device comprising;:

a semiconductor substrate including at least one surface

having a first conductivity type;

a gate structure present on the at least one surface of the

semiconductor substrate,

wherein the gate structure includes a gate dielectric layer

that 1s positioned between the semiconductor substrate
and a base of a gate conductor, wherein the gate dielec-
tric layer 1s also present on sidewalls of the gate conduc-
tor;
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raised extension regions of a second conductivity type

present on a portion of the semiconductor substrate that
1s adjacent to the gate structure, wherein the raised
extension regions have a first dopant concentration,
wherein an mnner edge of the raised extension regions
contacts the gate dielectric layer that 1s present on the
stdewalls of the gate conductor; and

raised source regions and raised drain regions of a second

conductivity type present on the raised extension
regions, wherein the raised source regions and raised
drain regions have a second dopant concentration that 1s
greater than the first dopant concentration, wherein an
inner edge of the raised source regions and the raised
drain regions 1s aligned with the inner edge of the raised
extension regions.

10

18

14. The semiconductor device of claim 13, wherein the first
conductivity type 1s an n-type conductivity and the second
conductivity type 1s a p-type conductivity, or the first conduc-
tivity type 1s a p-type conductivity and the second conductiv-
ity type 1s an n-type conductivity.

15. The semiconductor device of claim 13, wherein the
raised extension regions have a thickness ranging from 1 nm
to 10 nm, as measured from an upper surface of the semicon-
ductor surface.

16. The semiconductor device of claim 13, wherein the
raised source regions and the raised drain regions have a
thickness as great as 20 nm, as measured from an upper
surface of the raised extension regions.
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